To systematically review studies on clinical and nonclinical predictors of discharge destination from acute care in patients with traumatic brain injury. Methods: The search was conducted using 7 databases up to December 2016. A systematic review and in-depth quality synthesis were conducted on eligible articles that met the inclusion criteria. Results: The search yielded 8503 articles of which 18 studies met the inclusion criteria. This study demonstrated that a larger proportion of patients with traumatic brain injury were discharged home. The main predictors of discharge to a setting with rehabilitation services versus home included increasing age, white and non-Hispanic race/ethnicity, having insurance coverage, greater severity of the injury, and longer acute care length of stay. Age was the only consistent factor that was negatively associated with discharge to inpatient rehabilitation facilities versus other institutions. Conclusion: Results of this study support healthcare providers in providing consultation to patients about the expected next level of cares while considering barriers that may helpful in effective discharge planning, decreasing length of stay and saving resources. These findings also suggest the need for further studies with a stronger methodology on the contribution of patients and families/caregivers to distinguish the predictors of discharge to dedicated rehabilitation facilities.
an important variable in optimizing recovery following a TBI. [1] [2] [3] [4] [5] A wide range of discharge settings are possible from acute care for patients with TBI, including home with/without supports, inpatient rehabilitation facilities (IRFs), skilled nursing facilities (SNFs), and long-/shortterm care settings. [3] [4] [5] Although home is the preferred discharge destination for most patients, many patients with residual impairments benefit from settings with rehabilitation services. 6 Many studies have demonstrated that receiving rehabilitation services is associated with greater improvement in cognitive and physical recovery in these patients 3, [6] [7] [8] and recognized discharge destination as the predictors of receiving specific rehabilitation services. 9 As we consider discharge destination as a clinical improvement indicator, it is important to identify factors that influence discharge disposition to optimize both patient care pathways and resource utilization. 10, 11 Several studies have been carried out on patients with brain injury in acute care, with a focus on the determinants of discharge to various discharge destinations. [12] [13] [14] [15] [16] [17] [18] While some of them investigated the predictors of discharge to home versus rehabilitation settings, others focus on predictors of discharge to various settings with rehabilitation services. 12, [19] [20] [21] Due to the variation of evidence
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53 on predictors and variability in discharge destinations from acute care in patients with TBI, the main goals of this systematic review are to (1) describe the most common discharge destinations from acute care in patients with TBI, (2) explore the predictors of discharge from acute care to any rehabilitation facilities versus home, and (3) investigate the predictors of discharge to IRFs versus SNFs/other institutions.
METHODOLOGY
This systematic review was conducted using the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. 22 The protocol and details of methodology were published elsewhere. 23, 24 Seven databases including Medline, Embase, Cochrane Database of Systematic Reviews, Cochrane CENTRAL, PsycINFO, CINAHL, and Supplemental PubMed were searched electronically for articles published up to December 2016. Databases were screened based on predefined inclusion criteria. 23 Discharge destinations that were investigated as outcomes comprised IRFs, SNFs/other institutions, and home (with/without support). Predictors were reported as clinical and nonclinical factors. 23 The quality of the studies and their risk of bias were assessed using the Quality in Prognostic Study (QUIPS) tool, 25 and the level of evidence was summarized using the Scottish Intercollegiate Guidelines Network (SIGN) methodology for prognostic studies. 26 Furthermore, all the evidence was synthesized using 3 phases of explanatory prognosis investigation described by Hyden et al. 27 These 3 phases include (I) identifying association, (II) testing independent association, and (III) understanding prognostic pathway. The direction of association was coded with positive direction (+), negative direction (−), and lack of association (0).
RESULTS

Study characteristics
A total of 8503 articles were identified from aforementioned databases, additional resources, and references that were retrieved from full-text articles. After removing duplications and screening titles and abstracts, 73 articles were identified for the full-text review. Finally, 18 articles were eligible for quality assessment based on predefined inclusion criteria (see Figure 1) .
Out of 18 studies, 13 were conducted in the United States, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] 3 in Canada, [41] [42] [43] 1 in the Netherlands, 44 and 1 in Switzerland. 45 The sample size of these studies ranged from 111 to 299 205 participants, and in total this review contained 638 373 patients.
The majority of the participants were male. Almost half of the studies used International Classification of Disease, Ninth Revision (ICD-9-CM) codes to identify patients with TBI. 28, 29, 32, 34, 35, 37, 39, 41 Of the included studies, 16 had a historical cohort [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] and 2 had a prospective cohort design. 44, 45 Included studies were conducted between 2000 and 2016. The characteristics of these studies are reported in Supplemental Digital Content 1 (available at: http://links.lww.com/ JHTR/A238).
Quality assessment
Analysis of included studies using the QUIPS tool and SIGN methodology indicated that most of the studies have relatively moderate to high levels of bias and low to moderate quality. Table 1 presents the quality of studies considering 6 categories for assessing the source of bias. Of the 18, 2 studies had a low bias and high-quality rating 28, 38 and 10 studies had a high level of bias and lowquality rating. [30] [31] [32] [33] The other studies had moderate bias and moderate rating of quality. [39] [40] [41] [43] [44] [45] The majority of studies with a moderate 29, 41, 44, 45 or high 28,38 quality rating had a low bias in domains assessing "prognostic factors," "outcome measures," "study confounding factors," and "statistical analysis/reporting."
Discharge destinations
Of all studies, 10 investigated the predictors of discharge to any rehabilitation facility (ie, IRFs or SNFs/other institutions) versus home, 29, 30, 34, 36, 37, [39] [40] [41] [42] [43] 2 studies compared the predictors of discharge to specific rehabilitation facilities, 31, 35 and 6 studies conducted more detailed analysis on both outcomes. 28, 32, 33, 38, 44, 45 Frequency of patients by discharge destinations As seen in Table 2 , of the 18 studies with 641 664 participants, 15 studies (n = 638 373) provided descriptive statistics on the percentage of patients who were discharged to home, with a total of 491 966 (77.06%) patients. [28] [29] [30] [31] [32] [33] [37] [38] [39] [40] [41] [42] [43] [44] [45] In addition, 240 690 (38.68%) out of 622 174 patients and 76 050 (12.23%) out of 621 529 patients were discharged to IRFs and SNFs/other institutions, respectively.
Predictors
This systematic review underlines different predictors of discharge destination including demographic characteristics (age, sex, educational level, marital status, race/ethnicity, and insurance status), environmental factors (ie, hospital region and hospital volume and way of transportation), and clinical features (severity of injury, mechanism of injury, pre-/comorbidities, length of stay [LoS] , and functional status). None of the included studies examined the influence of interventions, treatments, and discharge against medical advice during acute care. The frequency of studies and participants, the phase of evidence, direction of the association, and the quality of studies were provided for each predictor in Table 3 .
Predictors of discharge to "rehabilitation facilities versus home" and "IRFs versus SNFs/other institutions"
Age
Age was the most common factor that was investigated in 10 out of 18 studies with respect to any discharge destination 28, 33, 35, 36, 38, 39, 41, [43] [44] [45] (see Table 3 ). Four studies included the entire range of adults and older adults, 28, 33, 36, 45 4 studies focused on younger adults (<65 years), 35, 38, 39, 44 and 2 studies were composed of only older adults (≥65 years). 41, 43 Six out of 8 studies revealed that age is an independent predictor of discharge to any rehabilitation facility versus home in a positive direction. 28, 38, 39, 41, 43, 45 Four out of 5 studies showed that age is negatively correlated with discharge to IRFs. 28, 33, 35, 45 However, 1 study demonstrated that, among the oldest adults (>75 years), age was not a significant predictor of discharge to IRFs 43 (see Table 3 ).
Sex
Of 5 studies that focused on the association of sex with discharge to rehabilitation facility versus home, 33, 38, 41, 44, 45 2 studies showed that females were more likely to be discharged to any rehabilitation facility. 38, 41 Of 4 studies that studied the association of sex with discharge to IRFs versus other institutions, 28, 35, 44, 45 1 study demonstrated that males were more likely to be discharged to IRFs 45 and the remainder of the studies did not show any significant variations.
Education and marital status
Of all studies, 2 investigated the predictive value of the level of education and marital status. 33, 44 These studies revealed that these factors were not significant predictors of discharge destination.
33,44
Race/ethnicity
Seven studies investigated the influence of race/ethnicity on discharge destination, and all of them were conducted in the United States. 5 Five studies revealed that non-Hispanic white 29, 40 and white 28, 36, 38 patients were more likely to be discharged to a rehabilitation facility than those of different races and ethnicities. Also, 1 study showed that white patients were more likely to be discharged to IRFs versus other settings. [28] [29] [30] [31] 35, 36, 38, 39 Six studies confirmed that patients with public insurance were more likely to be discharged to any type of rehabilitation service versus home when compared with uninsured, 30, 36 privately insured, 29, 38 and self-paid 28, 39 patients. Few studies examined the influence of this factor on IRFs versus SNFs/other institutions. 28, 31, 35 Of them, 1 study revealed that Medicaid-insured patients (governmental insurance) were less likely to be discharged to IRFs versus SNFs/other institutions than patients with a specific type of insurance such as commercial fee for services.
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Environmental factors
In total, only 2 studies investigated the predictive value of geographical differences in discharge disposition by region of the hospital. 38, 39 These studies revealed that patients in northeast 38, 39 and midwest 39 region hospitals in the United States were more likely to be discharged to IRFs versus home than patients in the west and south United States. The result of 1 study on association of the prehospital transportation method (air-based) with discharge to any rehabilitation facility versus home was not significant. 45 One study showed that lower hospital volume was positively associated with discharge to SNFs/other institutions. 35 
Severity of injury
Severity of injury was assessed with various indices including the Glasgow Coma Scale, 28, 33, 34, 37, 39, 40, [42] [43] [44] [45] Abbreviated Injury Scale for Head, 28, 31, 32, 36, 38, 40, 45 posttraumatic amnesia, computed tomography, 44 or LoS. 41 The remainder of studies used the Injury Severity Score, 29, 30, 36, 41, 43 International ClassificationInjury Severity Score, 35 Revised Trauma Score, and Trauma Injury Severity Score. 30 Of 10 studies that examined the predictive value of the severity of injury, 28, 30, 33, 35, 38, 39, 41, [43] [44] [45] 5 used the specific category of severity of injury in the model, 35, 38, 39, 43, 44 and the others focused on total severity of injury score. 28, 30, 33, 41, 45 All 9 studies that examined the association of severity of injury with discharge to rehabilitation facilities versus home concluded that patients with a higher severity of TBI had a greater probability of being discharged to a rehabilitation facility 28, 33, 38, 39, 41, [43] [44] [45] [46] (see Table 3 ). The results of 4 studies on the predictors of discharge to IRFs versus SNFs/other institutions were not consistent. 28, 33, 35, 45 While 2 studies revealed that the severity of injury was positively associated with discharge to IRFs, 28, 35 other studies did not find significant results 33, 44, 45 (see Table 3 ). 41 and 1 in the Netherlands. 44 Five out of 6 studies confirmed that a longer acute care LoS was positively associated with discharge to a rehabilitation service versus home. 28, 37, [39] [40] [41] Only 1 study (including 3 cohorts) investigated the predictive value of LoS with respect to discharge to specific rehabilitation facilities, 28 and 1 cohort reported that shorter LoS was a significant determinant of discharge to SNFs/other institutions. 28 The results of 2 other datasets showed a positive correlation of longer LoS with discharge to IRFs. 28 Also, the intensive care unit LoS was investigated in only 1 study and was not a significant predictor of discharge to SNFs. 34 
Length of stay
Mechanism of injury
Two out of 4 studies were conducted on older adults and demonstrated that patients who sustained a TBI because of a motor vehicle collision (MVC) were less likely to be discharged to a facility with rehabilitation services than home. 41, 43 Another study revealed that MVCs and falls were not predictors of discharge to a general rehabilitation facility versus home. 45 Results of a study on violently-injured patients against nonviolently injured patients showed that the first group was less likely to be discharged to a rehabilitation facility versus home. 32 A study on work-related injury did not find significant results. 43 Of 2 studies on the association of mechanisms of injury with discharge to specific rehabilitation facilities, 32,45 1 study revealed that violently-injured patients were more likely to be discharged to IRFs versus SNFs than their nonviolently-injured counterparts. 32 The results of the second study on MVCs and falls did not show significant variation. 45 
Functional status
The results of 3 studies showed that patients with lower function were more likely to be discharged to rehabilitation facilities than to home. 33, 42, 44 These studies were conducted using various indices to measure functional skills (see Supplemental Digital Content 1, available at: http://links.lww.com/JHTR/A238). Results of 1 study on physical function and level of arousal and 2 studies on level of supervision prior to injury showed that these factors were not associated with discharge destination. 33, 44 Also, of 2 studies on the association of functional status with discharge to specific rehabilitation facilities, 42, 44 1 indicated that lower cognitivecommunication ability was significantly associated with discharged to IRFs 42 (see Table 3 ).
Pre-/comorbidities
Of 5 studies that assessed pre-/comorbidities, 1 study on older adults showed that patients with 41 and nonintoxicated patients at admission 36 were more likely to be discharged to rehabilitation facilities versus home. Three studies demonstrated that patients with hypoxemia, 45 subdural hemorrhage, 34 and comorbidities at the time of injury, during the hospital stay or at discharge, 44 were not determinants of discharge to rehabilitation facilities versus home. The result of a study on the predictive value of pre-/comorbidities in discharge to specific rehabilitation facilities was not significant. 45 
DISCUSSION
To the best of our knowledge, this study is the first review that systematically appraised and summarized the literature on predictors of discharge destination from acute care in patients with TBI. This review showed that the majority of patients with TBI are discharged home from acute care. This may reflect the general desire of patients to be discharged to their own home from acute care. 6 However, another explanation may be that patients lack the support to access the next level of care based on their insurance coverage, which is also supported by the results of this systematic review. 47, 48 Most of the studies were focused on predictors of discharge to rehabilitation facilities versus home, while fewer studies examined determinants of discharge to IRFs versus SNFs/other institutions. This may refer to a lack of availability of data on specific rehabilitation facilities as a discharge destination. Also, the small sample size of datasets makes it more effective to merge the information from various rehabilitation facilities to increase statistical power.
Discharge to rehabilitation facilities from acute care after TBI is influenced by a variety of factors. This study revealed that increasing age is associated with discharge to settings with rehabilitation services than home. One explanation may refer to the correlation of age with availability of governmental insurance specifically in the United States where older adults are the main eligible population who have access to Medicare insurance (see Table 3 ). 49 In addition, access to universal insurance in Canada and European countries and availability of secondary sources of insurance such as private or supplemental insurance facilitate the transition to rehabilitation settings for the middle and older age group. Furthermore, a shift in the demographics toward an older population might be another explanation of this trend in developed countries. [50] [51] [52] This review revealed that younger patients were more likely to be discharged to IRFs. This may reflect the relatively higher medical frailty and a greater number of comorbidities in the older patients that make SNFs and similar institutions more appropriate for the older adults than IRFs. 53 Also, the target population in the majority of studies were patients with a wide range of age (ie, >16 years), while it may have been more informative to stratify patients by age to differentiate the influence of age groups on discharge destination.
Results of the influence of sex were mixed even in the phase II studies. One of the studies with significant results showed that older adult women were more likely to be discharged to rehabilitation facilities. 41 This may to be a reflection of the correlation between sex and age that older women were more likely to be discharged to rehabilitation facilities. 54 Also, a recent sex-based study suggests that, while sex was not a predictor of outcomes, the determinants of outcome were significantly different in each sex group. 55 A systematic review by Farace and Alves 56 showed that premorbid factors, symptom reporting, cognition, and psychosocial factors were the determinants of worse outcomes in females.
Although educational level and marital status were not studied sufficiently in the included studies, the previous study considered education as "reserve cognition" and "intellectual enrichment." Their results demonstrated that survivors of brain injury with higher education were less vulnerable to cognitive dysfunction. 57 Marital status could be a proxy of level of support from families and availability of caregivers that is positively associated with better outcomes in this population. 58 Thus, these factors should be taken into account in future studies.
The association of race/ethnicity (white and nonHispanic) and insurance coverage with discharge to rehabilitation facilities in the US population may reflect the financial/social position of this population and accessibility to healthcare facilities in the United States. 17, 48, 59, 60 The gaps of public insurance in the United States and the lack of access to affordable private insurance in patients without employment or another source of income should be considered as another explanation. 47 Given the differences of the race/ethnicity category in various countries [61] [62] [63] [64] as well as the variety of sources of funding for healthcare (universal and publicly-funded system), [65] [66] [67] [68] [69] these results should be interpreted cautiously.
Among environmental factors, hospital region (the northeast and the midwest) was the only significant factor that was studied in the US facilities. 38, 39 The influence of geographical regions on discharge destination could be related to racial/ethnic groups, financial/economic status, and accessibility to Medicare across different regions of the United States. 49, 70 In addition, the frequency and distribution of hospital beds in various regions (rural vs urban area) might be considered as another explanation of variation in accessing rehabilitation facilities. 16, 19, 71 No study in this review investigated the influence of geographical area in other countries. Although healthcare in Canada is principally financed by individual provinces, this may contribute to a lower availability of rehabilitation facilities especially in the northern part of the country. 65 The positive correlation of severity of injury with discharge to rehabilitation facilities may reflect more cognitive, physical, and behavioral impairments in patients with higher severity of injury. 6, 72 Variety in categorizing severity of injury makes it difficult to be conclusive in assessing the association of specific severity of injury group (mild vs moderate vs severe) with discharge destination. 33, 35, 38, 39, 44 In this review, included studies employed various severity measurement tools. A previous study indicated that injury severity differed based on the measurement tool used, which may have influenced transition decisions. 49 Another study has demonstrated that, when more than 1 indicator showed that TBI was moderate or severe, those patients were less likely to be discharged home than those classified as having a moderate or severe TBI based on only 1 measurement. 73 Consideration of these points may be helpful in designing a prognostic model for discharge destination in future studies.
The positive association of acute LoS with discharge to any rehabilitation facility versus home could be attributed to the correlation of LoS with the severity of the injury, as patients with higher severity experienced longer LoS. 74 In addition, previous studies have suggested that acute care LoS may be influenced by the availability of consultation services provided by experts, 46, 72 payer policies, and availability of rehabilitation facilities that might be different in various healthcare systems. 75, 76 A few studies have investigated the predictive value of the mechanism of injury and functional status and their results were mixed. As reported by Centers for Disease Control and Prevention, the mechanism of injury is strongly related to age. 77 While MVC is the main mechanism of injury in younger adults, in older people, falling is the main reason for sustaining a TBI. 77 In addition, the mechanism of injury is associated with the availability of private insurance in some healthcare system such as in Canada, which may be a large factor that influences access to supplemental care through private insurance. Thus, to investigate the role of the mechanism of injury in predicting the next level of care, it is important to consider the age group and availability of secondary insurance providers. 20 Studies that address cognitive and physical function to predict discharge location utilized a variety of outcome measurement tools, which may have contributed to inconsistent results.
Pre-/comorbidities were not consistent predictors of discharge destination and were not studied sufficiently. This inconsistency in findings may reflect the differing classification and coding of comorbidities that precludes making definitive conclusions. However, considering the association of the presence of comorbidities with the course of treatments during acute care and with functional status, more studies are required to examine the influence of these factors on discharge location from acute care in these patients. 53, 78, 79 No studies were conducted on the predictive value of patients' contribution, family/caregiver support, cultural competency and preinjury location of living, interventions, and discharge against medical advice in determining discharge destination. 13, 15, 18, 21, [80] [81] [82] This may be a reflection of the lack of appropriate and quantitative measurements tools available to gather this information in a system of care. This is particularly notable in the area of patient and caregiver engagement and availability of social support network in the process of transitioning to the next level of care.
LIMITATIONS AND FUTURE DIRECTIONS
This study suggests that some methodological issues should be addressed in future studies. First, we did not allocate any exclusion criteria based on countries and healthcare systems while some factors such as insurance coverage (universal vs non-universal) and LoS could be influenced by healthcare policy variations. Second, few studies provided theoretical or clinical reasoning of the method for variable selection for multiple regression analysis. Third, variation in categorizing discharge destination such as merging IRFs and SNFs/other institutions into 1 category made this study less informative in identifying predictors of discharge to specific facilities with various levels of rehabilitation services. Thus, more attention needs to be given to the method of categorizing discharge locations in future studies. In addition, predictors of discharge to home with and without support were not investigated separately. Finally, the level of patients or caregiver's participation in the process of discharge planning, cultural values/diversities particularly in multicultural countries (ie, the United States and Canada), and preinjury location of living were not investigated, as the factors that may impact on discharge location. The presence of comorbidities and severity of injury in these patients could influence the dose and intensity of treatments, which may have an influence on their next level of care and should be considered in future studies.
CONCLUSION
Results of this review show that home is the most common discharge location from acute care following a TBI. Increasing age, white and non-Hispanic race/ethnicity, insurance coverage, greater severity of the injury, and longer acute care LoS were predictors of discharge to postacute care facilities versus home. Recognizing predictors of discharge location early may assist with patient flow through hospitals and decreasing alternate level of care days. Also, these results may support healthcare providers in effective discharge planning by providing consultation to patients about the most possible destinations that may be helpful in saving resource. Except for age, the results were not consistent on predictors of discharge to IRFs versus SNFs/other institutes. This may reflect the complexity of making decision about discharge to appropriate rehabilitation facilities and importance of considering other factors such as socioeconomic factors and patient and family/caregiver engagement in the process of discharge planning. The results of this study provide the ground work for future research to investigate optimal discharge destinations and possible barriers to the next level of care for patients with TBI and inform decision-makers to optimize resources for TBI postacute care.
